Chronic low-frequency stimulation (CLFS) was originally used to study the influence of neural impulse activity on the establishment of phenotypic properties of skeletal muscle.^[@ref1]^ Since then it has been applied as an experimental model for the study of muscle plasticity, specifically the transformation of fast, fatigable muscle fibers towards slower, fatigue-resistant ones. Qualitative and quantitative changes of major elements (e.g., myofibrillar proteins, membrane-bound and soluble proteins involved in Ca^2+^-dynamics, and mitochondrial and cytosolic enzymes of energy metabolism) follow a specific time course and are reflected in physiological changes of contractile and fatigue resistance properties.^[@ref2]^ These transitions correspond to pronounced shifts in the patterns of multiple protein isoforms with specific time courses of different components, e.g. myosin light and heavy chains. The present review re-evaluates data from previous studies focusing on whether and to what extent functional changes are preceded or accompanied by alterations at the levels of molecular and/or metabolic organization. CLFS-induced resistance to fatigue is correlated with sequential alterations both at the levels of metabolic and cellular organization (e.g., increases in glucose uptake and phosphorylation capacities, activation of glycogenolysis and glycolysis, changes in fiber volume, capillary density and mitochondrial content). Fast to slower fiber type transitions correlate with sequential transitions in myosin isoforms and partially synchronous exchanges of fast with slow isoforms of Ca^2^+-regulatory proteins both of thin filament and sarcoplasmic reticulum. The changes in energy-rich phosphates that cause an almost immediate drop in energy charge after the onset of stimulation and its persistence, are the most likely trigger of Ca^2+^-dependent signaling pathways involved in fast-to-slow fiber transitions. Time course studies therefore, not only disclose correlations between various stimulation-induced changes but also provide insights into mechanisms regulating the expression of fiber type-specific properties.
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